Chronic low-grade inflammation represents a likely intermediary in the relation between carbohydrate nutrition and both type 2 diabetes and cardiovascular disease. This study assessed the prospective association between carbohydrate quantity and quality [dietary glycemic index (GI), glycemic load (GL), and added sugar, fiber, and whole-grain intake] during puberty, a potentially critical period for later disease, and low-grade inflammation in younger adulthood. The analysis was based on 205 participants (113 girls and 92 boys) from the DONALD (Dortmund Nutritional and Anthropometric Longitudinally Designed) study with at least 2 3-d weighed dietary records during puberty (girls: 9-14 y, boys: 10-15 y) and blood samples in younger adulthood (18-36 y). Multivariable linear regression models were used to analyze the associations between carbohydrate nutrition and circulating concentrations of pro-and anti-inflammatory immune mediators [high-sensitivity C-reactive protein (hs-CRP), interleukin (IL) 6, IL-18, and adiponectin]. A higher intake of carbohydrates during puberty (P-trend = 0.005), particularly from higher-GI food sources (P-trend = 0.01), was prospectively related to higher concentrations of IL-6 in younger adulthood, independently of baseline BMI and early life, socioeconomic, and other nutritional factors. Furthermore, a higher dietary GL (P-trend = 0.002) and a lower intake of whole grains (P-trend = 0.01) were independently associated with higher IL-6 concentrations in adults. Dietary GI and added sugar and fiber intakes were not independently associated with IL-6 (P-trend $ 0.09). Carbohydrate nutrition during puberty was not independently related to hs-CRP, IL-18, and adiponectin concentrations (all P-trend > 0.1). During puberty, a higher intake of carbohydrates from higher-GI food sources and lower whole-grain consumption prospectively predict greater IL-6 concentrations in young adulthood. These data support the hypothesis that diet during puberty influences later inflammation and metabolic dysfunction.
Introduction
Carbohydrate quality plays a crucial role in the development of type 2 diabetes (T2D) 11 and cardiovascular disease (CVD) (1) . Observational evidence suggests that a high intake of whole-grain products or dietary fiber, particularly from cereal sources, protects against T2D and CVD (2,3). In addition, the glycemic potency of carbohydrates as measured by the dietary glycemic index (GI) and glycemic load (GL) was linked to the risk of T2D (4, 5) and CVD (6) .
Chronic low-grade inflammation is discussed as a main mechanism linking carbohydrate intake to the development of these chronic diseases (7) . Although the evidence on the impact of total carbohydrate intake on inflammatory markers is inconclusive (8) , the majority of studies point to the relevance of carbohydrate quality: in a large intervention study, a diet characterized by a lower GI led to a reduced inflammatory status (9) and prospective studies observed an association between high dietary fiber (10) and whole-grain intake (11) and decreased high-sensitivity C-reactive protein (hs-CRP) and IL-6 concentrations.
Primary prevention of metabolic chronic diseases should start early in life. The fact that puberty associates with physiologic insulin resistance (12) suggests that insulin metabolism might be particularly sensitive to carbohydrate nutrition during this period. Indeed, we previously demonstrated a direct association between a higher dietary GI during puberty and T2D risk markers (HOMA-IR and liver enzymes) in younger adulthood (13) . It remains to be determined whether carbohydrate quantity and quality during this period are also of prospective relevance for chronic low-grade inflammation. Therefore, the present study analyzes the prospective association between the amount (% of total energy) and the quality (dietary GI, GL, and added sugar, fiber, and whole-grain intakes) of habitual dietary carbohydrate consumption during puberty and proinflammatory markers (hs-CRP, IL-6, IL-18), as well as the anti-inflammatory adipose tissue hormone adiponectin in younger adulthood in a cohort of healthy young Germans. hs-CRP, IL-6, IL-18, and adiponectin were selected because of their previously reported associations with risk of T2D and/or CVD in large meta-analyses (14) (15) (16) .
Participants and Methods
Study population. The present analysis is based on data from the DONALD (Dortmund Nutritional and Anthropometric Longitudinally Designed Study) study, an ongoing open cohort study conducted at the Research Institute of Child Nutrition in Dortmund, Germany. Since 1985, detailed data on diet, growth, development, and metabolism have been collected from >1500 apparently healthy children. On average, 40 infants are newly recruited every year and first examined at the age of 3 mo. Each child returns for 3 more visits during the first year, 2 in the second year, and then annually until adulthood (17) . Since 2005, participants >18 y are invited for subsequent examinations with fasting blood withdrawal. The study was approved by the Ethics Committee of the University of Bonn, and all examinations are performed with written parental and adult participantsÔ consent.
Because of the open cohort design, many children have not yet reached younger adulthood, and among those who did, age varies from 18 to 36 y. At the time of this analysis, 1 measurement of inflammatory markers was available for 308 participants, who were term (36-43 wk of gestation) singletons with a birth weight $2500 g. Of these, 220 participants had provided at least 2 plausible 3-d weighed dietary records during the puberty baseline period (chronologic age: girls 9-14 y, boys 10-15 y), allowing the estimation of habitual dietary intake. Participants who were identified to consistently under-report their energy intake (i.e., all food records were implausible or they had provided more implausible than plausible food records) were excluded from the study (n = 7). A 3-d weighed dietary record was considered plausible when the total recorded energy intake was adequate in relation to the basal metabolic rate [estimated from the Schofield equations (18) by using modified cutoffs from Goldberg et al. (19) ]. For inclusion in the study sample, participants also had to have anthropometric measures taken in puberty and adulthood as well as information on relevant covariates such as early life and socioeconomic factors. This resulted in a final sample of 205 participants for analysis with an average follow-up duration between puberty and younger adulthood of 12.7 y.
Blood analyses. In younger adulthood, venous blood samples were drawn after an overnight fast, centrifuged within 15 min, and frozen at -80°C in the Research Institute of Child Nutrition. For the present analysis, serum and plasma samples were transported to the German Diabetes Center. Concentrations of plasma hs-CRP were measured by using the Roche/Hitachi Cobas c311 analyzer (Roche Diagnostics). Plasma concentrations of IL-6 and total adiponectin were determined by using the Human IL-6 Quantikine HS and the Human Total Adiponectin/ Acrp30 Quantikine ELISA kits, respectively, from R&D Systems. Serum IL-18 was quantified with the ELISA kit from Medical and Biological Laboratories. Intra-assay CVs for hs-CRP, IL-6, IL-18, and total adiponectin were 1.0%, 7.2%, 3.7%, and 3.8%, respectively. Interassay CVs for hs-CRP, IL-6, IL-18, and total adiponectin were 2.6%, 11.8%, 7.1%, and 8.0%, respectively. Anthropometric measurements. From the age of 2 y onward, standing height is measured to the nearest 0.1 cm by using a digital stadiometer (Harpenden). Body weight is measured to the nearest 100 g with an electronic scale (Seca 753E; Seca Weighing and Measuring Systems). Measurements are taken at each visit according to standard procedures, with the participants dressed in underwear only and barefoot. Skinfold thicknesses are measured twice from the age of 6 mo onward at 4 different sites (suprailiacal, subscapular, biceps, triceps) on the right side of the body to the nearest 0.1 mm by using a Holtain caliper. Sex-and age-specific SD scores were calculated for the adolescent BMI values by using the German BMI standards (20) . To define overweight during puberty, values proposed by the International Obesity Task Force were used, which correspond to an adult BMI of 25 kg/m 2 . On the basis of triceps and subscapular skinfold thicknesses, percentage of body fat for pubescent children was derived by using the equations of Slaughter et al. (21) . Excess body fatness in puberty was defined according to body fat reference curves by McCarthy et al. (22) . For estimation of percentage body fat in adulthood, equations of Durnin and Womersly (23) were used, which are based on triceps, biceps, scapular, and iliac skinfold thicknesses.
Dietary assessment. Three-day weighed dietary records are used to assess nutritional intake in the DONALD study. All foods and beverages consumed by the participants as well as leftovers are weighed and recorded to the nearest 1 g by using electronic food scales (initially Soehnle Digita 8000; Leifheit SG; now WEDO digi 2000; Werner Dorsch). Recording household measures, such as number of spoons or scoops, is allowed when weighing is not possible. Furthermore, recipes as well as packages and labels are provided by the participants and their families for further information on the foods consumed. For this analysis, dietary variables were calculated as individual means of the 3-d weighed dietary records by using LEBTAB, the in-house database (24) . LEBTAB is based on the German standard food tables and data obtained from commercial food products and is continuously updated to include all recorded food items. Because we aimed to describe the habitual dietary intake, an individual average intake during puberty was calculated from at least 2 records (on average, 5; range: 2-6). Each carbohydrate-containing food recorded in the dietary records was assigned a published GI value (25) (based on glucose as a reference food) according to a standardized procedure.
The carbohydrate content of the food was the principal consideration when matching a particular food with one listed in the tables; additional factors considered comprised food group, regional origin of the food, mode of preparation, main ingredients, and sugar content. The assignment process is updated on a regular basis to incorporate newly published GI values. The value of carbohydrate content (in g) of each consumed food was then multiplied by the respective GI to obtain the respective GL. The overall dietary GI is obtained by dividing total daily GL by total daily carbohydrate intake. To distinguish carbohydrate intake from higher and low GI food sources, a GI of 55 was chosen as the cutoff. Foods with a GI <55 are defined as low-GI foods (25) .
The following foods were defined as added sugars: white sugar, brown sugar, raw sugar, corn syrup, corn syrup solids, high-fructose corn syrup, malt syrup, maple syrup, pancake syrup, fructose sweetener, liquid fructose, honey, molasses, anhydrous dextrose, and crystal dextrose (26) . Fruit syrups commonly used as sweeteners in Germany also were considered added sugars. Conversely, naturally occurring sugars such as lactose in milk or fructose in fruits were not included.
Dietary fiber content was calculated by using the LEBTAB database. Whole-grain intake was estimated by assigning whole-grain content in grams to each carbohydrate-containing food using the respective recipe and ingredient information available at the time of recording. The definition of whole grain followed the Whole Grain Label Statements of the US FDA: ''Cereal grains that consist of the intact, ground, cracked or flaked caryopsis, whose principal anatomical components-the starchy endosperm, germ and bran-are present in the same relative proportions as they exist in the intact caryopsis'' (27) .
Statistical analysis. Baseline characteristics of the study population are presented for the total study population. To analyze the prospective association between carbohydrate nutrition during puberty and low-grade inflammation in younger adulthood, multivariable linear regression models were used. Because the outcome variables were not normally distributed, hs-CRP, IL-6, and IL-18 were log-transformed prior to analysis; and for adiponectin, the square root was extracted to obtain normal distribution. All dietary variables except for dietary GI were energy-adjusted by using the residual method. To account for age-dependent nutritional differences, all variables were standardized by age group and sex (mean = 0, SD = 1).
Covariates considered as potentially affecting the association between carbohydrate nutrition and inflammatory markers were gestational weight gain (kg), birth weight (continuous and < or $3000 g), gestational age (wk), breastfeeding for >2 wk (yes or no), firstborn child (yes or no), BMI SD score or % of body fat at baseline, maternal overweight (BMI $25 kg/m 2 ; yes or no), high maternal educational status ($12 y of schooling; yes or no), maternal occupation (higher, other, or no), smoker in the household (yes or no), parental history of diabetes (yes or no; questionnairebased), physical activity level (light, moderate, or high; questionnairebased), and intakes of protein (total, animal, or vegetable) or fat (total and saturated fat). Vice versa adjustment for whole grain and GI was also considered. Each potential confounder was initially examined separately and included only if it 1) substantially altered the association of the principal dietary variables with hs-CRP, IL-6, IL-18, or adiponectin in the models (>10%); 2) significantly predicted the outcome variable; or 3) improved the coefficient of determination (>5%). In the basic model (model A), sex and age (categorical: #19 or >19 y and #25 or >25 y) were included, because age at blood withdrawal in younger adulthood varied considerably (18-36 y) . In a second model (model B), we further adjusted for early life and socioeconomic factors as well as for other nutritional factors. Finally, for significant findings we also conducted conditional models (additionally including waist circumference in younger adulthood) to examine whether the observed associations were independent of adult body composition.
Because other studies indicate sex differences regarding the association between dietary GI or GL and both T2D and CVD (5, 6, 28, 29) and some inflammatory markers differ physiologically between women and men, additional sex-stratified analyses were performed. However, tests for interaction were not significant (all P-interaction > 0.3).
In addition to the slope of the regression, the adjusted means of the respective inflammatory marker (i.e., least-squares means predicted by the model when the other variables are held at their mean values) are presented by tertiles of the carbohydrate nutrition parameters with the corresponding 95% CIs. All P values presented in the tables or figures are based on tests for trend over the entire respective samples by using the continuous data. All models conform to the assumptions of linear regression models (linearity, normality and homoscedasticity of residuals, absence of multicollinearity). P values <0.05 were considered significant. All statistical analyses were carried out by using SAS procedures (version 9.1.3; SAS Institute).
Results
The participants who were excluded from the final study sample because of missing dietary or covariable information (n = 103) did not differ from those who were included (n = 205) with regard to early life and adult anthropometric characteristics or inflammatory markers (P-difference > 0.1).
Girls and boys did not differ with regard to early life or socioeconomic characteristics. Female participants were younger at baseline and had a lower BMI but a higher percentage of body fat. This persisted to younger adulthood, when women were additionally less likely to be overweight and to have an increased waist circumference. Also, women had higher concentrations of hs-CRP and adiponectin ( Table 1) . With regard to nutritional intake data during puberty, energy intake and dietary GL were lower in girls because they consumed more fiber, particularly from fruits, and had a higher magnesium intake than did boys ( Table 2) . Overall, the participantsÕ diet during puberty can be considered a high-carbohydrate diet with an energy percentage of >50%, mostly derived from foods with a GI >55, yet relatively rich in fiber and whole grains ( Table 2) .
A higher intake of carbohydrates during puberty was prospectively related to higher concentrations of the plasma IL-6 in younger adulthood (P-trend = 0.009, model A). Separate consideration of carbohydrates from higher-and low-GI food sources indicated that only carbohydrate intake from higher-GI sources was of relevance for later IL-6 concentrations (P-trend = 0.009, model A). Additional consideration of body composition during puberty and early life, parental socioeconomic, and other nutritional factors did not affect these associations (model B). Furthermore, a higher dietary GL (P-trend = 0.002, model B) and a lower intake of whole grains (P-trend = 0.01, model B) during puberty were independently associated with higher concentrations of IL-6 in younger adulthood. No independent associations were seen with dietary GI or added sugar or fiber intake (all P-trend $ 0.09, model B) ( Table 3) .
The additional inclusion of waist circumference in adulthood in a conditional model only slightly affected the associations observed between aspects of pubertal carbohydrate nutrition and adult IL-6 concentrations (total carbohydrates: P-trend = 0.006; carbohydrates from higher-GI food sources: P-trend = 0.02; dietary GI: P-trend = 0.12; dietary GL: P-trend = 0.003; whole grains: P-trend = 0.02, conditional model) ( Table 3) .
None of the analyzed markers of carbohydrate nutrition during puberty was independently related to hs-CRP (Table 4) , IL-18 (Supplemental Table 1 ), or adiponectin (Supplemental Table 2 ) in younger adulthood (all P-trend > 0.1). Moreover, added sugar consumption from drinks was not related to any of the inflammatory markers (all P-trend > 0.3) (data not shown).
Sex-stratified analysis revealed similar findings for both male and female participants: carbohydrate nutrition was unrelated to hs-CRP, IL-18, or adiponectin (data not shown). In both sexes, pubertal dietary GL and total carbohydrate intake were related to adult IL-6 concentrations (women: P-trend = 0.02 and 0.05, respectively; men: P-trend = 0.049 and 0.06, respectively), whereas carbohydrates from low-GI food sources and added sugar and fiber intake were unrelated to later IL-6 concentrations (data not shown). Of note, associations of carbohydrates from higher-GI foods, dietary GI, and whole grains with adult IL-6 concentrations were significant only among women (Supplemental Fig. 1 ). However, these sex differences were not significant in formal tests for interaction (all P > 0.3).
Further adjustment for breastfeeding status, pubertal physical activity level, parental history of T2D, smokers in the household, or smoking status in adulthood as well as the inclusion of interaction terms for sex in the final models did not change any of the results (data not shown). A subgroup analysis that included only those participants aged 18-25 y showed similar results (data not shown).
Discussion
This study provides novel epidemiologic evidence for a sustained adverse effect of a higher carbohydrate intake from higher-GI food sources (GI >55) and a higher dietary GL during puberty on adult IL-6 concentrations, although higher pubertal whole-grain consumption appears to be beneficial.
Evidence on the relevance of carbohydrates and their glycemic potency is inconsistent. Although low-carbohydrate diets per se might be able to reduce inflammatory markers in intervention studies (8) , it remains questionable whether this effect is attributable to weight loss only (30) . Cross-sectional observational evidence for a role of GI and/or GL (31) was not confirmed by the only 2 prospective studies in partly overweight adults (32) or in those at risk of CVD (33) . However, longer-term intervention trials suggest benefits of reducing GL (34) or GI (9) . In our study, a 9% higher intake of carbohydrates was associated with a 4.8% increase in plasma IL-6 concentrations during adulthood (values calculated on the basis of differences between tertiles 1 and 3). In line with this, a 26-g increase in dietary GL, which captures carbohydrates adjusted for GI, was accompanied by a 4.4% increase in plasma IL-6. Separate analyses of carbohydrates from higher-and low-GI food sources did, however, reveal that the relevance of overall carbohydrate intake was attributable to those carbohydrates with a blood glucose-increasing effect only: a 5% increase in these carbohydrates was related to an increase of 5% in IL-6 concentrations.
Of note, the prospective associations between pubertal carbohydrate nutrition and adult plasma IL-6 concentrations were largely independent of adult body composition. The significant relations of total carbohydrate intake, carbohydrates from high-GI food sources, GL, and whole-grain intake to adult IL-6 concentrations were only slightly attenuated in conditional models that additional accounted for adult waist circumference. This is in line with our previous observation that pubertal GI and GL were unrelated to adult body composition (35) .
Oxidative stress in response to postprandial glycemic excursions may be another main mechanism driving this association. A possible compensation of oxidative stress by anti-inflammatory effects of insulin in insulin-sensitive humans could be lost in insulin-resistant individuals due to prolonged proinflammatory conditions (36) . Such a higher vulnerability to oxidative stress may also extend to puberty, because exaggerated compensatory insulin excursions in response to postprandial glycemia during 3 Breastfeeding categories: #2 wk or .2 wk full breastfeeding; n = 91 for male participants. 4 Derived from the age-and sex-specific cutoffs proposed by the International Obesity Task Force, which are linked to the adult cutoff of a BMI of 25 kg/m 2 . 5 Calculated according to reference 21. 6 Derived from age-specific cutoffs proposed by McCarthy et al. (22) ; the 85th percentile of body fat was used as the cutoff for excess of body fat. 7 BMI $25 kg/m 2 . 8 School education for at least 12 y. 9 Maternal occupation: yes or no. 10 Calculated according to reference 23. Carbohydrate nutrition and inflammation 1589
by guest on May 14, 2017 jn.nutrition.org this period could increase the strain on b-cells, which are particularly sensitive to oxidative stress (37) . Unfortunately, biomarkers of oxidative stress are notoriously difficult to measure, and the remaining serum and plasma samples from the DONALD study did not allow these measurements because of low longterm stability of markers of oxidative stress even during storage at 280°C. In rodents it has furthermore been shown that long-term exposure to a high-GI diet leads to a delayed switch to both carbohydrate and fat oxidation in the postprandial state. Of interest, in a mouse model prone to obesity, FA oxidation was impaired already 3 wk after the start of a high-GI diet, whereas phenotypic markers were comparable in the low-and high-GI groups, indicating that reduced metabolic flexibility might precede changes and causally affect the development of an obese insulinresistant phenotype (38) .
In our study we observed no independent effect of added sugar intake or consumption of added sugar from drinks on later inflammatory markers. Studies on the effect of a single glucose challenge reported increased oxidative stress (36) . Also, in a study in healthy young men, a high consumption of soft drinks, sweetened with glucose, fructose, or sucrose, over 3 wk led to increased hs-CRP concentrations (39) . In our cohort, added sugar mainly comprised sucrose, and consumption amounts-in total and from drinks-can be considered average, albeit not high (40) . Moreover, glycemic excursions in response to sucrose are moderate rather than high as reflected by a GI of 65 (25) . Hence, the glycemic and, in turn, possibly proinflammatory potential of the diet might be better described by dietary GI.
In contrast to whole-grain intake, which was inversely associated with later IL-6 concentrations, dietary fiber was not of independent relevance in our study. A recent cross-sectional study in adolescents found an inverse association between fiber intake and CRP concentrations (41) . Among adults, most observational studies also reported reduced low-grade inflammation among those consuming more whole grain and dietary fiber, although the evidence is less consistent in intervention studies (42, 43) . Dietary fiber may reduce chronic inflammation by beneficially interacting with gut microflora and decreasing lipid oxidation (44) , but whole grains possess several additional components displaying diverse anti-inflammatory effects, such as free radical scavenging or antioxidant enzyme activation (45) . Our results point to a relevance of whole grains, which may better represent the combination of different anti-inflammatory effects.
Our study adds to the current discussion that a high carbohydrate intake may have detrimental health effects if the carbohydrates stem from higher-GI food sources (46) and extends this observation to chronic low-grade inflammation. This is of public health relevance because low-grade inflammation is linked to the development of a range of chronic diseases including T2D, CVD, depression, dementia, some types of cancers, frailty in old age, and mortality (7) and because most free-living populations, such as the DONALD adolescents, consume >50% of their calories as carbohydrates (47, 48) . Of note, in the present study, 59% of the carbohydrates and 76% of the whole grains came from foods with a moderate or high GI. Hence, efforts to improve carbohydrate quality among adolescents should not focus solely on encouraging a higher whole-grain intake but may need to be complemented by specific advice for a preferred selection of low-GI carbohydrates (e.g., pasta, legumes) and low-GI whole grains (e.g., muesli, pumpernickel). Although the associations between carbohydrate nutrition and IL-6 in the present study can be considered robust, it is not clear why these relations did not extend to other inflammatory markers. Importantly, previous studies that reported associations between dietary components such as GL and inflammatory biomarkers including CRP, IL-18, and adiponectin mainly focused on individuals with T2D or at high cardiometabolic risk (31, 32, 49, 50 ) and who were not comparable to our study participants with regard to age and overall health status. Furthermore, the chemical complexity of foods summarized as whole grain or determining GI and GL make it extremely difficult to identify molecular pathways that may be responsible for the associations observed for IL-6 in our study compared with the lack of effects on hs-CRP, IL-18, and adiponectin.
Although our data do not allow us to explain why we observed associations only for IL-6, we believe that our findings may be of clinical relevance. We acknowledge that IL-6 is a complex cytokine in the pathophysiology of T2D. On the one hand, IL-6 is involved in the induction of obesity-associated insulin resistance in liver and adipose tissue (51) . On the other hand, IL-6 is released from skeletal muscle after exercise with potentially beneficial paracrine and endocrine effects (52) . Recent mouse studies indicated that IL-6 may be implicated in the regulation of insulin secretion (53) and the limitation of inflammatory processes (54) . Despite the controversy that the aforementioned studies indicate, it is important to emphasize that IL-6 concentrations are consistently related to increased T2D risk in many epidemiologic studies (16) . In addition, Mendelian randomization analyses showed that IL-6 but not CRP is a causal factor in the development of coronary heart disease (55,56), underpinning the potential public health relevance of our findings. Of interest, a cross-sectional study analyzing the association between several inflammatory markers and insulin resistance in adolescents observed the strongest association for IL-6, whereas associations with IL-18 or adiponectin were not significant after adjustment for confounders (57) . Nonetheless, further studies are needed to explore the potential vulnerability of adolescents to carbohydrate-induced postprandial glycemia and the potentially protective effects of whole grains during puberty on inflammatory markers both in the short and the long term.
The main strengths of our study are its prospective design and the detailed repeated assessments of dietary intake during puberty. For the present analysis, an average of 5 dietary records were available (range: 2-6 records per participant) from which habitual dietary intake could be estimated. This repeated collection of dietary records further attenuates the risk of not capturing seldom-consumed foods and also improves overall reliability. Another strength is the availability of information on early life and socioeconomic factors, which could potentially have confounded the examined associations. However, residual confounding, resulting from imprecisely measured or unmeasured confounding factors, cannot be precluded.
Our study also has several limitations. First, in contrast to the repeatedly measured dietary intake data, inflammatory markers were measured only once in younger adulthood. Second, because of the relatively elaborate DONALD study design, the socioeconomic status of the study population is above average and extremes of diet or behavior might not be represented, which could introduce selection bias yet reduces our vulnerability to residual confounding. Third, the estimation of the dietary GI from the GI values of individual foods is regarded controversial (58) . However, although most epidemiologic studies use FFQs, the GI estimates in this study were directly assigned to all carbohydrate-containing foods recorded during 3 d. Moreover, numerous factors exist influencing the glycemic response to a food, such as heating or ripening (59) . Variability of glycemic response is, however, not only a problem of GI but of other nutrients as well (25, 60) .
In conclusion, our study provides novel evidence that a higher intake of carbohydrates from higher-GI food sources may be detrimental and higher whole-grain consumption may be beneficial for adult IL-6 concentrations. These data support the hypothesis that diet during puberty influences later inflammation and metabolic dysfunction.
